Purpose: We reviewed our experience with ACTH for the treatment of intractable generalized seizures other than spasms. Methods: Efficacy and adverse effects of ACTH against intractable generalized seizures other than spasms were retrospectively investigated in 15 patients treated between 1991 and 2003. The median age of the patients at ACTH therapy was 42 months. The targeted type of seizure was brief tonic in 6, atypical absence in 6, atonic in 2, and myoclonic in 1. The dose of ACTH was 0.01-0.015 mg/kg in most patients. The effect of ACTH was determined at the end of ACTH therapy, and 3 months and 1 year after ACTH therapy. Results: Seizure freedom was obtained in 13 of 15 patients. However, 6 of them had a recurrence of seizures within 3 months after ACTH therapy. ACTH was the most effective in patients with atypical absence seizures. Statistical analysis showed that the number of injection and total dose of ACTH were smaller in patients with atypical absence seizures than in those with brief tonic seizures. Adverse effects were frequent but serious one was not observed. Conclusion: ACTH therapy was effective in patients with intractable generalized seizures other than spasms. However, its efficacy was often transient. ACTH can be useful for generalized seizures other than spasms but its limitation should be considered.
Introduction
It is generally accepted that adrenocorticotropic hormone (ACTH) is useful for the treatment of West syndrome. Practice parameter of the American Academy of Neurology and the Child Neurology Society reported that ACTH is probably effective for the shortterm treatment of infantile spasms on the basis of detailed review of MEDLINE. 1 In addition, Oguni et al. described that ACTH is effective even in patients with epileptic spasms without hypsarrhythmia. 2 ACTH or steroids have also been used for patients with intractable epilepsy other than West syndrome. However, the role of ACTH in the treatment of epilepsy other than West syndrome remains uncertain. We report our experience with ACTH for the treatment of generalized seizures other than spasms.
Patients and method
We retrospectively investigated the efficacy and adverse effects of ACTH therapy against generalized seizures other than epileptic spasms. There were 15 patients (7 boys and 8 girls) in whom ACTH therapy was performed against generalized seizures other than epileptic spasms in Department of Pediatrics, Nagoya University Hospital between 1991 and 2003. Their seizures were refractory to oral antiepileptic drugs including valproate, clonazepam or clobazam, and phenytoin. At least two of these drugs had been administered at maximal tolerable dose in all patients before ACTH therapy. Clinical characteristics of the patients are shown in Table 1 . The median age at the onset of epilepsy was 19 months (range, 3-98 months). Etiology of epilepsy was identified in four patients: 22q11.2 deletion syndrome in one, sequelae of acute encephalopathy in one, Angelman syndrome in one, and hemimegalencephaly in one. Etiology was unknown in the other 11 patients. MRI revealed diffuse atrophy in three patients and left hemimegalencephaly in 1. In the other 11 patients, MRI findings were unremarkable.
The type of the seizures was determined on the basis of ictal simultaneous video-EEG recordings in all patients. Interictal EEG did not show hypsarrhythmia in any patients during the study period, although four patients had a prior history of West syndrome. Epilepsy syndrome was clinically determined on the basis of types of seizures, EEG findings, neuroimaging, and other clinical findings.
The median age of the patients at ACTH therapy was 42 months (range, 18-111 months). In three patients who had two types of seizures, the target type of seizure was determined before ACTH therapy was started. The target type of seizure was brief tonic in 6, atypical absence in 6, atonic in 2, and myoclonic in 1. The dose of ACTH was usually 0.01-0.015 mg/kg that was similar to that used for patients with West syndrome in our hospital. ACTH
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A. Okumura et al. was daily injected intramuscularly for the first 2 weeks in all patients. Thereafter, the duration and dosage was according to seizure frequency, EEG findings, and severity of adverse effects. The effect of ACTH was determined at the following three points: short-time effect at the end of ACTH therapy, middle-term effect at 3 months after ACTH therapy, and long-term effect at 1 year after ACTH therapy. The short-term effect of ACTH therapy was classified into three categories: effective, when the target type of seizures disappeared; partially effective, when 50% or more reduction of the target type of seizures was obtained but they persisted; ineffective, when only less than 50% reduction was obtained. The middle-and long-term effect was classified in the following three categories: excellent, complete disappearance of the target type of seizures; good, the target type of seizures was present but their frequency was 50% or less before ACTH therapy; poor, less than 50% reduction of the target types of seizures. Electroencephalograms (EEGs) were recorded at least before and at the end of ACTH therapy.
The psychomotor development of the patients at the time of ACTH therapy was normal in 1 patient, mildly retarded in 3, moderately retarded in 2, and severely retarded in 9. Spastic cerebral palsy was not observed in any patients.
Statistical analysis between two groups was performed using Student's t-test for numerical variables and Fisher's exact probability test for categorical variables. A value of p < 0.05 was considered to be statistically significant.
Results
The results are summarized in Table 2 . Short-term effect of ACTH was effective in 13 patients and partially effective in 2. However, 6 of 13 patients whose seizures disappeared had a recurrence of the target types of seizures within 3 months after ACTH therapy. A recurrence of the seizures within a month after ACTH therapy was observed in 5 of them. One additional patient had a seizure recurrence 4 months after ACTH therapy. Eventually, a cessation of the target type of seizure after a year after ACTH was seen in six patients.
EEG findings and antiepileptic drugs before and after ACTH therapy was shown in Table 3. EEG was   472 A. Okumura et al. normalized in two patients (patients 2 and 8). A focalization of paroxysmal discharges was recognized in other two patients (patients 11 and 13). Paroxysmal discharges persisted in the remaining 11 patients. However, the frequency and amplitudes of paroxysmal discharges were remarkably reduced in most patients. The dose and/or number of antiepileptic drugs were reduced in eight patients. Drugs were not altered in four patients. The replacement of drugs was made in two patients. The increase of the dose of antiepileptic drugs was seen in one patient. As to brief tonic seizures, seizure cessation was obtained five of six patients. However, four patients had a recurrence within 3 months after ACTH therapy. Seizure cessation was observed in all six patients whose target type of seizures was atypical absence. All but one patient remained free from seizures 1 year after ACTH therapy. Atonic seizures were controlled by ACTH therapy in one of two patients. Seizure freedom persisted 1 year after ACTH therapy in the patient whose seizures disappeared after ACTH therapy. As to one patient with myoclonic seizures, seizure cessation was obtained after ACTH therapy, but seizures recurred within a week after ACTH therapy.
Statistical analyses were performed between brief tonic and atypical absence seizures (Table 4 ). Age at ACTH therapy was relatively older in those with atypical absences. The number of injection and total dose of ACTH were significantly smaller in patients with atypical absence seizures than in those with brief tonic seizures. Seizure recurrence was relatively rare in those with atypical absence seizures, but there was no significant difference. The interval between the onset of epilepsy and ACTH therapy was not correlated with seizure cessation or recurrence of seizures.
Adverse effects of ACTH therapy are summarized in Table 5 . Irritability and central obesity was observed in all patients. Hypokalemia (serum potassium level below 3 mEq/l) was also frequent. Although several other adverse effects were observed in some patients, serious one was not observed in any patients.
Discussion
Our study demonstrated that seizure cessation was obtained by ACTH therapy in 13 of 15 patients with generalized seizures other than spasms. However, 6 of 13 responders had a recurrence within 3 months after ACTH therapy. These results were consistent with several previous studies on ACTH or steroid therapy for intractable epilepsy other than West syndrome. Snead et al. stated that 12 of 18 patients with intractable seizures other than infantile spasms became seizure free after treatment with ACTH or steroid, but recurrent seizures were observed in 6 of 12 responders. 3 Sinclair reported that 46% of patients became seizure free and 40% had a significant decrease in seizure frequency after predonisolone therapy. 4 Verhelst et al. described that 25% of patients treated with steroid became seizure free, 11% had a seizure reduction of >50%, and 11% had a seizure reduction of <50%. 5 In their series, 11 of 17 responders experienced a seizure recurrence. 5 These facts indicates that ACTH will be effective for cessation of seizures other than spasms but its effect may be transient in about half of the responders. We consider that ACTH can be an option of therapy in patients with intractable epilepsy other than West syndrome but the limitation of the effect should be understood. ACTH may be indicated to tide the patient over a particularly difficult period as Aicardi described in his textbook. 6 There have been few studies on the difference in efficacy of ACTH or steroids according to the types of seizures. Our study suggested that ACTH will be more effective for atypical absence seizures than for brief tonic seizures. The number of injection and total dose of ACTH were significantly smaller in patients with atypical absence seizures than in those with brief tonic seizures. Most of patients with either type of seizures once became seizure free. However, all but one patient with brief tonic seizures had recurrent seizures. On the other hand, recurrent seizures were observed in only two of six patients with atypical absence seizures. Some authors described that results of hydrocortisone therapy were better in tonic and tonic-clonic seizures than in absences. 7 In contrast, Sinclair reported that the best outcome of predonisolone therapy was seen in which six of seven patients became seizure free. 4 These differences may be attributable to several factors such as the drugs used for treatment, the dose of the drug, duration of the therapy, outcome measure, and the length of follow-up. Further studies are necessary in order to clarify the type of seizures against which ACTH is effective.
Japanese pediatric neurologists have tried short and low dose ACTH therapy to West syndrome. [8] [9] [10] Ito et al. revealed that the initial effects of ACTH on seizures and long-term outcome were not dose dependent when the daily dose of ACTH was between 0.005 and 0.032 mg/kg. However, the optimal dose of ACTH and duration of the therapy has not been elucidated in patients with seizures other than spasms. In our study, daily dose of ACTH was 0.015 mg/kg or less in 13 of 15 patients. The maximum number of injection was 26. These results suggest that relatively low dose of ACTH will not be inferior to classical dose of ACTH reported in the previous literatures. [3] [4] [5] However, the optical regimen for seizures other than spasms should be determined by further trials.
It is interesting that ACTH was effective in most patients despite that the remarkable improvement of EEG findings was observed only in a few patients. Sinclair described that the improvement of seizures in patients treated with predonisone was usually associated with normalization of the EEG. 4 In the series of Verhelst et al., the improvement of EEG was noticed in all responders to steroids. 5 This difference may be attributable to the difference of evaluation of EEG findings. In our patients, the reduction of frequency and amplitudes of paroxysmal discharges was observed in most patients in whom paroxysmal discharges persisted after ACTH therapy.
Adverse effects of ACTH were frequent but were not serious in our patients. The most frequent was irritability and central obesity. Hypokalemia was also frequent, whereas infection was seen in only one patient. We consider that ACTH therapy will be safe in patients with generalized seizures other than spasms. The safety of ACTH therapy will be partly attributable to low dose of ACTH and relatively short duration of the therapy.
The important feature of our study is that we determined the targeted type of seizures before the treatment. This will be particularly important in patients with two or more types of seizures. Two or more types of seizures can be present at some period in a single patient, especially one with epileptic encephalopathy such as Lennox-Gastaut syndrome. In patients with a prior history of West syndrome, the type of seizures may gradually change from spasms into other types of seizures such as brief tonic or myoclonic seizures. The determination of type of seizures is very difficult without ictal VTR-EEG recordings in such patients. We make it a rule to record ictal VTR-EEG in all patients who can be candidates of ACTH therapy in order to evaluate its efficacy for seizures and EEG. Accordingly, we could examine a difference of efficacy in different types of seizures. Further studies on ACTH therapy for seizures other than spasms should be performed after the targeted type of seizures is strictly determined.
In conclusion, ACTH therapy was effective in the majority of patients with refractory generalized seizures other than spasms. However, its efficacy is often transient, especially in patients with brief tonic seizures. On the other hand, seizure freedom without recurrence can be achieved in the majority of patients with atypical absence seizures. We consider that ACTH can be useful for generalized seizures other than spasms but its limitation should be considered.
